Abstract. This paper deals with a theoretical and a numerical analysis of local stability of web of tapered beams subjected to a pure bending moment. A standard FEM code COSMOS/M has been used for a numerical estimation of a critical load multiplier. It has been assumed that the critical stress of the web of tapered beam could be calculated in an analogous way as for uniform member just with an additional correction factor w . b α . A large number of simulations carried out within a wide range of the ratios of second moments of area allowed to determine the proper values of that factor. In the paper there was investigated the influence of steel grade, relative slenderness and beam's ends cross-section moments of inertia ratio to the local stability of web of the tapered beam subjected to pure bending. Keywords: local stability of web, tapered beam subjected to pure bending, finite element method, critical stress of the web, warping.
Introduction
During the last years, light steel structures have been extensively used as being the most effective in practical application. The main advantages of such kind of structures are the effective usage of materials and quick erection as well as their good exploitation characteristics. Over the past two decades, solution of the buildings with tapered frames, manufactured from high-tensile steel, have become a standard. The use of automatic welding techniques minimizes the cost of such tapered members. Their contours are quite close to the bending moment diagram form, so the bearing capacity of cross sections is effectively utilized. With this type of frames the web depth-to-thickness ratio can exceed 200. There is no need in many additional stiffeners in this case.
Analysis of such kind of frames is rather complicated and not widely investigated in the literature. For example, there are no recommendations in Eurocode 3 (2006) how to calculate such structural members. A thinwalled beam subjected to bending moment can loose stability in lateral torsional buckling mode.
Stability of tapered elements was investigated in references Bazeos, Karabalis (2006) , Becque, Rasmussen (2009 ), Raftoyiannis, Ermopoulos (2005 , Saffari et al. (2008) , Salem et al. (2009 Salem et al. ( ), Šapalas et al. (2000 Salem et al. ( , 2002 Salem et al. ( , 2004 Salem et al. ( , 2005 . Authors of which proposed to calculate tapered columns as uniform members, using additional factors, so that failure was only due to overall buckling and yielding. This treatment is appropriate for solid section members, and for members whose cross-sections are composed of comparatively thick-plate elements, including many hot-rolled steel sections. However, in some cases the member cross-section is composed of more slenderplate elements. These slenderplate elements may buckle locally and the member may fail prematurely. A slender-plate element does not fail by elastic buckling, but exhibits significant post-buckling behaviour. Because of this, the plate's resistance to local failure depends not only on its slenderness, but also on its yield strength and residual stresses, as shown in Fig. 1 . The resistance of a plate element of intermediate slenderness is also influenced significantly by its geometrical imperfections, while the resistance of a stocky-plate element depends primarily on its yield stress and strainhardening moduli of elasticity, as indicated in Fig. 1 .
Some authors investigated local stability of tapered members Moon et al. (2009 ), Zhang, Tong (2008 .
Stability theory of plate elements

Plate elements in bending
The thin flat plate of length , width d , and thickness L t shown in Fig. 2 is simply supported along all four edges. The plate is loaded by bending stress distributions which vary linearly across its width.
Fig. 2. Buckle patern of a plate in bending
When the maximum stress reaches the elastic buckling value the plate can buckle out of its original plane as shown in Fig. 2 . The elastic buckling stress can be expressed in the form:
σ k -buckling coeficient depends on ratio and the number of buckles along the plate.
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Local stability of web of the uniform cross-section beam without local stresses according to Lithuanian design code should be checked by formula:
σ -elastic buckling stresses calculated using formula:
Rd cr w , , σ -critical buckling stresses calculated using formula:
-relative slenderness of web;
-critical buckling factor depending on geometrical characteristics of the cross-section of the beam taken according to the factor :
8 . 0 = β -factor for I section beams.
Stability of web of tapered beam
In this paper the beam subjected to pure bending (Fig. 3) was investigated. According to Academician Dinnik (1955) tapered member can be described using beam's ends crosssection moments of inertia ratio (nondimensional):
Solving the equation (2) Beam's ends cross-section moments of inertia ratio varies using difrent beam's smallest cross-section height (Table 1) . Thickness of the web was taken so that relative slenderness varies from 3.5 to 6.0 ( According to this data there was calculated critical bending moment (Fig. 4) as for uniform member for various steel classes and relative slenderness of web. The most general critical condition, at which stability of a structure impends, is obtained considering second variation of the total potential energy. By applying a standard finite element approach, the system of geometrically non-linear equations can be symbolically written in the following form:
A -a differential operator, in the most general case nonlinear in load and displacement . This equation can be presented by incremental form: 
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-a geometric stiffness matrix, while is the stability load factor and is the vector of buckling mode shapes. The number of given values for the load factor and shape modes depends on the number of the equations, consisted in system (10). The most interesting research in civil engineering is the first value and corresponding shape mode, while other results are more important for theoretical analysis. cr r For modelling the typical triangle shell element from the code COSMOS/M was applied (Fig. 5) . These finite elements are defined by 18 DOF. Each of nodes of such FE is described by three linear displacements and three rotations The above-mentioned finite elements have been used for the buckling analysis of beam.
Numerical solution of the local stability of web of the tapered beam
The beam has been modelled by using an assumption, that its cross sections are subjected to bending moments only, end-sections "A" and "B" have been supported in the cross-sectional direction and one of the ends had the axial node, which cannot move in the longitudinal direction. Many of solutions with a wide range of the ratios of crosssectional characteristics have been carried out. At the bigger end the beam has been subjected to the critical bending moment 2 , cr M (Fig. 6) , given as for an uniform member by using the bigger end geometrical characteristics. (Fig. 7) the correction factor has been calculated. for the pin-ended beam subjected to pure bending have been calculated (Fig. 8-17 ). By using computer simulations there have been determined, that values of correction factor found for pin-ended beam can also be used for other types of the beam support conditions. 
